At the NW inflexion of the Sava-Vardar Suture Zone ophiolite mélanges, known as the Kalnik Unit, form the surface of the slopes of several Pannonian inselbergs in the SW Zagorje-Mid-Transdanubian Zone. The Mt Samoborska Gora ophiolite mélange, thought to be a part of the Kalnik Unit, forms a separate sector obducted directly onto Dinaric Triassic carbonate sediments. Basaltic rocks, the only magmatic rocks incorporated in the mélange, include MiddleTriassic (Illyrian-Fassanian) alkali within-plate basalts and Middle Jurassic (uppermost Bathonian-Lower Callovian) tholeiitic basalts. The latter sporadically constitute composite olistoliths, and are geochemically divided into N-MORBlike (high-Ti basalts) and transitional MORB/IAT (medium-Ti basalts). These geochemically different rocks suggest crystallization at various tectonomagmatic settings, which is also indicated by the rock paragenesis and host clinopyroxene compositions. Alkali basalts reflect melts derived from an OIB-type enriched mantle source [Ti/V= 62.2-82.4; (La/Lu) cn = 6.4-12.8] with Nd-Sr isotope signatures close resembling the Bulk Earth [ε Nd(T=235 Ma) = + 1.6 to + 2.5]. They are recognized as preophiolite continental rift basin volcanic rocks that closely predate the opening of the Repno oceanic domain (ROD) of the Meliata-Maliac ocean system. The high-Ti and medium-Ti basalts from composite blocks derived from a similar depleted mantle source (ε Nd(T=165 Ma) =+ 6.01 vs. + 6.35) succesively metasomatized by expulsion of fluids from a subducting slab leading to a more pronounced subduction signature in the latter [Ti/V= 31.6-44.8 and (Nb/La) n = 0.67-0.90 vs. Ti/ V= 21.5-33.9 and (Nb/La) n = 0.32-0.49]. These composite blocks indicate crust formation in an extensional basin spreading over the still active subducting ridge. The majority of high-Ti basalts may represent the fragments of older crust formed at a spreading ridge and incorporated in the mélange of the accretionary wedge formed in the proto-arc-fore-arc region. The Mt Samoborska Gora ophiolite mélange represents the trailing edge of the Kalnik Unit as a discrete sector that records the shortest stage of tectonomagmatic evolution related to intraoceanic subduction in the ROD.
Introduction
Mélanges are by consensus understood as chaotic tectono-sedimentary complexes that have been initially deposited by tectonically induced sedimentary processes in an accretionary wedge from a fore-arc region. Consequently, an ophiolite mé-lange mostly incorporates mixed magmatic material derived from both interfaced oceanic sides. Because of a long tectonic history of obduction various lithoclasts representing diferent tectonomagmatic stages of an oceanic basin may be identified in the final product. Many mélanges are overlain by slices of coherent fragments of genetically related oceanic lithosphere (ophiolites) which may include lithologies not found in the associated mélange and vice versa. The comparative petrological and geochemical investigations of magmatic inclusions found in a mélange combined with analogue rocks of related ophiolite sequences always provide important, although incomplete constraints on the tectonomagmatic evolution of an oceanic basin and its segments from continental rifting to opening and formation of oceanic lithosphere through spreading and convergence till the final ophiolite emplacement.
Geochemistry, petrology and tectonomagmatic significance of basaltic rocks from the ophiolite mélange at the NW External-Internal Dinarides junction (Croatia)
In the SW segment of the Zagorje-Mid-Transdanubian Zone (ZMTDZ) of the Sava Suture Zone the tectono-sedimentary ophiolite mélanges lacking overthrusted ophiolites are commonly found as individual sectors on the surface of slopes of intra-Pannonian inselbergs of Kalnik, Ivanščica and Medvednica (Pamić & Tomljenović 1998 , and references therein). On account of similar textural features all these mélange sectors are assumed to constitute a single unit (Babić et al. 2002) referred to as the Kalnik Unit (Hass et al. 2000) , which brings strong evidence for a discrete oceanic domain (Repno oceanic domain = ROD) within the Meliata-Maliac ocean system (Babić et al. 2002; Goričan et al. 2005; Slovenec & Lugović 2008 ). However, excluding the Mt Medvednica ophiolite mélange where magmatic megaclasts or olistoliths have been geochemically studied in detail and stages of terminal spreading and initial convergence were dated by isotopes (Lugović et al. 2007; Slovenec & Lugović 2008 ) other sectors still wait for such complementary data that would confirm other sectors as true integral parts of the Kalnik Unit.
The Samoborska Gora ophiolite mélange has a peculiar position as it was obducted directly onto Triassic sediments of the Adria amagmatic passive continental margin and traces the headmost edge of a larger mélange unit. This mélange is separated from the Medvednica ophiolite mélange by the regional Sava fault and thus it is not clear whether it constitutes a discrete ophiolite mélange unit, or represents a detached segment of the Kalnik Unit. Present study revealed that besides apparently similar blocks of magmatic rocks as in the other mélange sectors of ZMTDZ, Mt Samoborska Gora mélange includes blocks of within-plate alkali basalts which were not up to now identified in other mélange sectors. However, during the testing of correlation between ophiolitic blocks from the Mt Samoborska Gora and those from the Mt Medvednica, similar alkali basalts were also found for the first time in the ophiolite mélange of the Mt Medvednica. In this work we performed geochemical and petrological characterization of almost all ophiolitic blocks from the Mt Samoborska Gora with the purpose of testing possible correlation with Mt Medvednica ophiolite rock fragments. The age of massive lava blocks was obtained by isotope age determination, and the age of pillow lavas was determined from the fauna content in the intrapillow matrix or from atop pillow lavas associated cherts. New data were utilized to infer or improve the geodynamic evolution of the oceanic segment(s) from which ophiolites of Mts Samoborska Gora and Medvednica have been derived.
Geological outlines
Samoborska Gora is the cornerstone that links the External Dinarides, Southern Alpine units, southwestern tip of the Zagorje-Mid-Transdanubian Zone (ZMTDZ) as a part of the Sava-Vardar Suture Zone (SVSZ) and the continental block of the Tisia Unit (Fig. 1A) . Its exact tectonic position in the framework of Alpine-Dinaric-Pannonian triple junction zone sensu Hass & Kovács (2001) is not clearly explained yet (e.g. Pamić & Tomljenović 1998; Tari & Pamić 1998; Hass et al. 2000; Pamić 2002; Babić et al. 2002; Goričan et al. 2005; Schmid et al. 2008; Robertson et al. 2009 ). However, a position within the transitional zone between the External and Internal Dinarides seems to be most acceptable (Placer 1999) .
Mt Samoborska Gora consists of two tectonostratigraphic units, the pre-Eocene Žumberak Autochthony overthrusted by the south-west vergent Žumberak Nappe (Šikić et al. 1979) (Fig. 1B ). The Žumberak Autochthony shows a sedimentary succession identical to the eastern border of Adriatic carbonate platform (Tomljenović 2002) . The oldest rocks of the Žumberak Autochthony are Permian molasse-type clastic rocks which are unconformably overlain by Lower Triassic clastic rocks followed by Upper Triassic carbonate rocks with minor cherts (Herak 1956; Šikić et al. 1979) . Locally, the Late Anisian sedimentary succession may be interstratified with acidic pyroclastic rocks (Goričan et al. 2005) . The ophiolite mélange is thrusted onto Middle Triassic carbonates. The age of the ophiolite mélange is supposed to be Middle Jurassic to Hauterivian by analogy with similar mélanges from the Kalnik Unit (Babić et al. 2002) . Unlike in the Mt Medvednica, where the Paleozoic-Triassic sedimentary succession was subjected to an Early Cretaceous low grade metamorphic overprint (Belak et al. 1995 , with references) related to obduction of an intraoceanic island arc (Lugović et al. 2006) , the Mt Samoborska Gora analogue succession lacks any metamorphism. The youngest rocks of the Žumberak Autochthony are the Late Campanian-Paleocene alluvial and delta fan deposits (Šikić et al. 1979 ; Fig. 1C ) which in many lines of evidence resemble post-ophiolitic Gossau-or Ugar-type sedimentary sequence.
The Žumberak Autochthony is thrusted by the Žumberak Nappe composed of a thick sedimentary succession showing identical lithostratigraphic sequences as in the Žumberak Autochthony (Fig. 1B) . Top-WSW thrusting, internal imbrication and folding of the Žumberak Autochthony related to an Eocene deformational event affected Mt Samoborska Gora and Mt Medvednica (D3 event of Tomljenović 2002) . The Žumberak Nappe consists of three individual thrust sheets (Japetić, Cirnik and Vrhovčak) which represent the uppermost pre-Neogene structural units (Šikić et al. 1979 ). The best exposure of the ophiolite mélange is under the Vrhovčak thrust sheet where fragments of basaltic rocks were sampled in detail. The Neogene and Quaternary strata mostly unconformably overlay the pre-Eocene basement on the southeastern slopes; on the northern slopes the basement rocks are transgressively overlain by the younger strata (Fig. 1C) .
The ophiolite mélange of the Mt Samoborska Gora shows characteristics of a chaotic olistostrome complex mixed with fault-bounded fragments of different lithologies varying in size from a few centimeters to several tens of meters set in a strongly sheared pelitic-siltous continent derived matrix. Ophiolite mélange contains clasts of greywacke, minor shale, reddish and greyish cherts, scarce limestones along with fragments of ophiolitic basaltic rocks (Herak 1956; Brajdić & Bukovec 1989; Kloc 2005) . Other ophiolite rocks are notably absent. Massive lavas predominate over pillow lavas. The fragments are homogeneous in the term of texture and geochemistry with the exception of a unique, texturally uniform hektometer sized block (Fig. 1C , location 2) composed of tholeiitic high-Ti and medium-Ti basaltic rocks. K-Ar measurement on plagioclase separate from the high-Ti segment of this composite block has yielded an uppermost Bathonian-Early Callovian age of 165.4± 5.8 Ma (Balogh 2009; unpublished) . The observed age of sedimentary rock fragments range from Middle Triassic for "exotic" limestones to Middle Jurassic for greyish radiolarian cherts (Goričan 2008, unpublished) .
Fragments of alkali basalts are concentrated in the easternmost part of the Mt Samoborska Gora ophiolite mélange ( Fig. 1C ; locations 10-13) where reddish radiolarian cherts crop out above massive alkali basalts ( Fig. 1; location 12) . The radiolarian assemblage of these cherts indicates Middle Triassic age (Goričan 2008, unpublished) . Assuming that they are integrated in a coherent block, they would represent the oldest fragments incorporated in the ophiolite mélange of Mt Samoborska Gora.
In the westernmost part of the Mt Medvednica ophiolite mé-lange near the village Gornja Bistra (Fig. 1B) crop out the hectometer large block of similar massive alkali basalts and their pillow lavas with interpillow pelagic limestones of Illyrian-Fassanian age of Middle Triassic . For the purpose of correlation the data on these rocks were integrated in the present work.
The Mt Samoborska Gora ophiolite mélange in many respects shares the overall textural characteristics of the Mt Medvednica ophiolite mélange (Babić et al. 2002; Slovenec & Pamić 2002 , and references therein) suggesting that both mélanges may have formed by accretion along a discrete sediment-starved trench and were tectonized during the onset of obduction. The pre-Neogene Mt Medvednica basement experienced regional-scale tectonic transport from the NW, and 130° clockwise rotation during the Oligocene-earliest Miocene (Tomljenović et al. 2008) , which caused its recent perpendicular orientation to the overall NW-SE Dinaric structural trend (Fig. 1A) . Therefore, the ophiolite mélange of Mt Samoborska Gora should be tested as a potential prolongation of the Mt Medvednica ophiolite mélange, and so of the Kalnik Unit.
Like elsewhere in the Dinarides the onset of tectonic reworking of Mt Samoborska Gora ophiolitic mélange took place successively during and after the first ophiolite emplacement onto the Adria continental margin (Schmid et al. 2008; Robertson et al. 2009 , and references therein) and continued during the Cretaceous until the Senonian as confirmed by mantle peridotite clasts in the Campanian basal conglomerates (Halamić 1998) and subaerial weathering of peridotites to the Ni-lateritic crust (Palinkaš et al. 2006) . Dinaride Ophiolite Belt (CDOB), Mirdita Zone]; 3 -Periadriatic-Sava-Vardar Zone; 4 -Serbo-Macedonian Massif; 5 -Pelagonides; 6 -Golija Zone; 7 -Zagorje-Mid-Transdanubian Zone; 8 -Pannonian Basin. Faults: BL -Balaton; DF -Drava; PL -Periadriatic; SF -Sava; SP -Scutari-Peć; SN -Sava Nappe; ZZ -Zagreb-Zemplín. Mountains: I -Ivanščica; K -Kalnik; Ko -Kopaonik; Md -Medvednica; SG -Samoborska Gora; SD -Szarvaskő-Darnó; Bü -Bükk; B -Bódva Valley; JK -Jaklovce. B -Interpretations of overthrust relations in the Mt Samoborska Gora and western part of the Mt Medvednica (after Šikić & Basch 1975 Šikić & Basch and Šikić et al. 1978 Šikić & Basch , 1979 taken from Tomljenović 2002) . Legend: 1 -Žumberak Nappe; 2 -Žumberak Autochthony; 3 -Ophiolite mélange (Oph); 4 -Upper Cretaceous-Paleocene sediments; 5 -Lower Cretaceous metamorphic complex; 6 -picture break. C -Simplified geological map of the Mt Samoborska Gora (modified after Šikić et al. 1978 and Tomljenović 2002) . Legend: 1 -Neogene and Quaternary sedimentary rocks; 2 -Upper Cretaceous-Paleocene flysch; 3 -ophiolite mélange with blocks of basalt (black fields) and Triassic-Jurassic radiolarites, sandstones and shales (not separated on the map); 4 -Upper Triassic dolomites and limestones; 5 -Middle-Lower Triassic dolomites, limestones, cherts and clastic rocks (shale, siltite and sandstone); 6 -Upper Permian clastic rocks (conglomerate, sandstone, siltite and shale), limestones, dolomites and gypsum; 7 -reverse or thrust faults; 8 -normal faults; 9 -geological contact line; 10 -discordance line, tectonic-erosion discordance; 11 -sample location (1 = js-73/1; 2 = jf-33/2, jf-34, t-23b/1, t-23b/2; 3 = sas-8; 4 = js-60; 5 = 92-18; 6 = sat-242; 7 = t-56/1; 8 = sas-202; 9 = sas-206; 10 = 92-20, 92-21, 92-22, 92-23, 92-25, 92-30; 11 = sas-203; 12 = sas-210; 13 = 92-16) .
Analytical techniques
Mineral analyses from eleven representative samples were performed at the Mineralogisches Institut, Universität Heidelberg, using a CAMECA SX51 electron microprobe equipped with five wavelength-dispersive spectrometers. The operating parameters were 15 kV accelerating voltage, 20 nA beam current, ~1 µm beam size (10 µm for plagioclase) and 10 s counting time for all elements. Natural minerals, oxides (corundum, spinels, hematite and rutile) and silicates (albite, orthoclase, anorthite and wollastonite) were used for calibration. Raw data for all analyses were corrected for matrix effects with the PAP algorithm (Pouchou & Pichoir 1984 implemented by CAMECA. Formula calculations were done using a software package authorized by Hans-Peter Meyer (Mineralogisches Institut, Universität Heidelberg). The mineral composition of higly altered samples was analysed by X-Ray diffraction on powdered samples (XRD).
Bulk-rock powders for chemical analyses of twenty five samples were obtained from rock chips free of visible veins. Six samples with amygdulas or calcite veins were dissolved in Na-acetate (NaOAc) at pH around 6 controlled by acetic acid (HAc).
Major elements were measured by ICP and all trace elements by ICP-MS at Activation Laboratories in Ancaster, Canada. A series of international standards were used to construct calibration curves. Referent samples W2 and WMG-1 were run as unknowns. Major element and trace element concentrations were measured with accuracy better than 1 % and 5 %, respectively.
Isotopic analyses were done in CRPG in Vandoeuvre, France on Finnigan MAT 262 mass spectrometer following the procedure described in Hart & Brooks (1977) . Sr fractions were deposited on single W filaments and TaF 5 -H 3 PO 4 was added as an activator. Double filaments (Ta for emission, Re for ionization) were used for Nd analyses. Nd fractions were deposited on the Ta filaments, with H 3 PO 4 added as an activator. All analyses were made in multi-dynamic mode, using software developed by Spectromat. An exponential law was used for fractionation correction. Nd ratio of 0.511110± 0.000020 (2σ, n= 100), consistent with the value obtained for this standard over the past 15 years. Total procedural blanks were ~700 pg and ~300 pg for Sr and Nd, respectively.
Petrography and mineral chemistry
Extrusive rocks from the Mt Samoborska Gora ophiolite mélange comprise pillow lavas and massive lavas of high-Ti and medium-Ti tholeiitic and alkali basalt composition, respectively. Pillows of amoeboidal shape with tortoise shell joints were noticed occasionally (Fig. 1C, location 2) . In spite of polyphase alterations which may be severe, igneous textures are preserved in all samples.
Tholeiitic extrusives are mostly aphyric and composed of plagioclase, clinopyroxene, Fe-Ti oxide, spinel and accessory apatite ( Fig. 2A,B) . Plagioclase from the high-Ti group shows normal zoning with labradorite core and andesine rim ranging in overall composition from An 71-54 to An 48.6-31.5 , respectively. The highest individual core to rim variation is An 71-40 (Table 1). In the medium-Ti tholeiitic group, igneous plagioclase is altered to albite (An 0.1-2.9 ) or peristerite (An~7) with minor sericite, calcite, prehnite, analcime and pumpellyite, and therefore the rocks may be classified as spilites. Clinopyroxene shows two stages of alteration. Some clinopyroxenes from the high-Ti samples show deuteric alterations to ferohornblende-feroedenite and in both geochemical groups are partly hydrothermally altered to chamosite-clinochlore, epidote and pumpellyite ( Fig. 2A,B Table 1 ). The pillow lavas are aphyric to slightly plagioclase-phyric or plagioclase-clinopyroxene-phyric. The pillows show characteristic increasing crystallinity from the outer chilled margin, showing plumose-variolitic to hypocrystalline porphyric texture, to the hollocrystalline core with aphyric ophitic to intergranular texture. Calcite and/or chlorite filled amygdaloidal tholeiitic pillow lavas are rarely observed. Massive lavas are mostly aphyric and show fine-to coarse-grained ophitic to intergranular texture undistinguishable from pillow core. Petrographical evidence in the tholeiitic basalts suggests the following order of crystallization: plagioclase → clinopyroxene+ plagioclase+ Fe-Ti oxides ( Fig. 2A) . Additionally, in some medium-Ti pillow and massive basalts spinel coexists with the early fractionated plagioclase whilst rare Fe-Ti oxides are confined in matrix.
Alkali basalts from the Mts Samoborska Gora and Medvednica ophiolite mélanges show similar aphyric quenched textures suggesting a fast cooling rate at the time of effusion. In thin sections they show spinnifex-to variolitic-like domains (variolites) formed by sheaf-or plumose-textured pinkish clinopyroxene intergrown with acicular plagioclase with interstitial glass infillings (Fig. 2C ). Primary spinel (Mg#=59-62, Cr#=42-46; Table 1 ) and Ti-magnetite are accessory phases. In all samples plagioclase is completely altered to albite, prehnite and occasionally to pumpellyite. Clinopyroxenes from the Mt Medvednica alkali basalts are fresh whilst those from the Mt Samoborska Gora are always altered to chlorite. Glass is devitrified to palagonitic mesostasis and consists of chlorite, calcite, hematite, prehnite, pumpellyite and titanite. The lavas are amygdaloidal with up to 30 % amygdals filled by calcite suggesting relatively shallow water effusion compared to tholeiitic lavas.
Clinopyroxene chemistry. Selected matrix clinopyroxene compositions from the analysed tholeiitic and alkali rocks are shown in Table 2 and all are plotted in the classification diagram in Fig. 3 .
Clinopyroxenes from tholeiitic host rocks show normal and reverse zoning. Normally zoned grains have homogeneous cores and show decreasing Al VI /Al IV , Mg# and generally increasing Ti to the grain periphery. In reverse zoned grains the patterns show opposite compositional variations. In Fig. 3 clinopyroxene reveals two compositional groups. The majority of clinopyroxene from high-Ti host rocks stretch in the field of augite (Wo 38.1-42.8 En 40.9-48.9 Fs 10.6-20.1 ) and forms a compositional trend concordant with analogue rocks from Mt Medvednica ophiolite mélange described by Slovenec & Lugović (2009) . On the contrary, the clinopyroxenes hosted in the largest block from the Mt Samoborska Gora ophiolite mélange ( clearly reflected the alkali non-orogenic nature of the host rocks (Leterrier et al. 1982) . High-Ti content of clinopyroxene is favoured by cooling rate of crystallization, magma chemistry and cotectic opaque phase (Tracy & Robinson 1977) . High titanium content in the clinopyroxene is consistent with enriched composition of relatively primitive alkali basaltic magma, coexisting low-Ti spinel (TiO 2 >1.6 wt. %) and fast cooling rate as suggested by quenching textures of host pillow basalts.
Bulk-rock chemistry
Chemical compositions of the analysed rocks are shown in Table 3 . As virtually shown by petrography and the high LOI of the samples (up to 8.46 wt. %), and by experience from similar rocks elsewhere (e.g. Pearce & Cann 1973; Thomson 1991) significant element mobility is expected to occur in most of the samples. Here, potential element mobility was tested by plotting their concentrations against Zr selected as differentiation index (Fig. 5) .
For the tholeiitic rock suite, except for TiO 2 and P 2 O 5 which are positively correlated with Zr, the major elements do not Selected microprobe analyses and formulae of feldspars, amphibole, chlorite, spinel, ulvöspinel-magnetite and ilmenite from the tholeiitic and alkali volcanic rocks in the Mts Samoborska Gora and Medvednica ophiolite mélange.
Formulae calculated on the basis of 8 oxygens and total Fe as trivalent for feldspar; 23 oxygens and fixed number of 15 cations excluding Na and K for amphibole; 14 oxygens and total Fe as divalent for chlorite; 4 oxygens and 3 cations for magnetite-ulvöspinel and chromian spinel; 3 oxygens and 2 cations for ilmenite. show correlation suggesting significant mobilization during alterations. Large ion lithophile elements (= LILE; Cs, Rb, K, Ba and Sr) represented by Ba in the Ba-Zr plot (Fig. 5A) show highly inconsistent variations which make them unreliable for petrogenetic and discriminatory constraints. High field strength elements (= HFSE; Ti, Th, Hf, Nb, Ta, P, and Y) shown by Ti (Fig. 5B ) and rare earth elements (= REE, La-Lu) displayed by La and Sm ( Fig. 5C-D) showing good positive correlation with fractionation index have obviously remained immobile. Therefore the HFSE and REE concentrations of our tholeiitic samples may be confidently used to characterize geochemical and petrogenetic features of the rocks as was already successfully tested for similar mafic rocks from different oceanic provenances (e.g. Pearce & Norry 1979; Shervais 1982; Beccaluva et al. 1983) . Transitional metals (V, Cr, Mn, Fe, Ni and Zn) represented by Ni and V ( Fig. 5E -F) retain magmatic correlation but are strongly related to the abundance and type of the opaque phase hosted in a sample. Similar relations concerning element mobilization are observed in alkali basalts (Fig. 5 ).
In the Zr/TiO 2 vs. Nb/Y diagram (Winchester & Floyd 1977) frequently used to classify altered and metamorphosed extrusives, the analysed rocks are divided between the fields of subalkali andesite/basalts and alkali basalts, (not shown). Jurassic ophiolitic fragments show exclusively tholeiitic chemistry whilst extrusives associated with Middle Triassic pelagic sediments plot in the field of alkali basalts. Tholeiitic rocks from ophiolite complexes and mélanges are best discriminated by geochemical parameters which include Ti/Cr ratio and Ni concentration (Beccaluva et al. 1983) or simply TiO 2 content (Bortolotti et al. 2002) . Following this scheme (not shown) tholeiitic rocks from the Mt Samoborska Gora ophiolite mélange are distinguished into the high-Ti group and medium-Ti group (Table 3) . High-Ti basalts are widely ac- cepted as representing crystallization in a middle ocean ridge (= MOR) setting whereas tholeiitic basalts with lower TiO 2 may suggest formation in various suprasubduction zone (= SSZ) settings (Serri 1981; Beccaluva et al. 1983) .
Tholeiitic rocks display Ti/V ratios ranging from 21.5 to 44.8 and spread in the field of recent MORB and BABB whereby medium-Ti samples form a separate group with lower V at given Ti (Fig. 6) . Alkali basalts from the Mt Samoborska Gora show an increased concentration of Ti at relatively low V (Ti/V= 62.2-82.4) and suggest derivation from an enriched mantle source. The referent alkali basalts from the Mt Medvednica with Ti/V ratios of around 50 straggle the boundary line between MORB/BABB and OIB/WPAB.
The element abundance patterns normalized to N-MORB values for analysed extrusive rocks are displayed as spider diagrams in Fig. 7A1 and 7A2. Tholeiitic rocks show a wide range of LILE enrichment consistent with the observed alterations. The rock suite displays negative Nb-Ta anomaly relative to La which is typical of SSZ related magmas. The intensity of the anomalies significantly increases from high-Ti group [(Nb/La) n =0.67-0.90] to medium-Ti group [(Nb/ La) n = 0.32-0.49] suggesting a more subduction influenced nature of the latter. They have nearly flat La-Lu profiles which range from ~1 to ~3 times relative to N-MORB for the highTi group and 0.7-1.0 times for the medium-Ti group. A strong to significant positive Sr anomaly in the medium-Ti basalt suggests fractionation of plagioclase. Alkali basalts in general show a smooth pattern with typical continuous enrichment of more incompatible elements in the profile from Th to Lu and may show HFSE (P, Nb) positive anomalies. Strong negative anomalies of Ba, K, and Sr are caused by their mobilization due to devitrification and albitization. The alkali basalts from Mt Samoborska Gora are more enriched [(Th/Lu) n = 70-85] relative to the Mt Medvednica samples [(Th/Lu) n = 32-46]. All samples have Lu n <1 which may indicate residual garnet in the source. In the spider diagram their profiles, excluding negative anomalies for Ba, K and Sr which are related to alterations, perfectly match the variation patterns of alkali basalts from East African rift zone (Fig. 7A2) .
Chondrite normalized REE patterns of analysed rocks are displayed in Fig. 7B1 (Fig. 7B2 ). Both groups show slight Eu anom- aly (Eu/Eu*= 1.16-0.93) typical for low accumulation or fractionation of plagioclase. The REE paterns of analysed alkali basalts are highly comparable with the profiles of alkali basalts from the East African rift zone (Fig. 7B2) . The Nd and Sr isotopic compositions of two tholeiitic and two alkali basalts are shown in Sr) i ratios of both analysed alkali basalts plot in the area of magmas generated from slightly enriched mantle sources bearing Nd-Sr isotopic characteristics close to Bulk Silicate Earth (BSE; Fig. 8 ).
Discussion
In the Mt Samoborska Gora ophiolite mélange tholeiitic and alkali basalts were geochemically identified. Tholeiitic lavas with N-MORB-like geochemical signatures (high-Ti basalts) and tholeiitic rocks with SSZ characteristics (medium-Ti basalts) are the only ophiolitic lithologies archieved in this mé-lange which occasionally constitute composite blocks suggesting that diverse ophiolitic lithologies interfere in space and time. Thus the studied rocks from the Mt Samoborska Gora ophiolite mélange contribute to the ophiolite controversy: how rocks, which have been formed in different tectonomagmatic settings (e.g. Western and Eastern Albanian ophiolites, Dinaric and Vardar ophiolites, etc.), come together in a small regional scale lacking any tectonic contact. In an ophiolite IAT -island-arc tholeiites, MORB -mid-ocean ridge basalts, BABB -back-arc basin basalts, CAB -calc-alkaline basalts, CFB -continental flood basalts, OIB -ocean-island basalts and AB -alkali basalts.
mélange various sequences of the oceanic crust which are unrelated in the term of time and crystallization setting may be found juxtaposed in the finally formed mélange (see detail study of Saccani & Photiades (2005) for Albanian ophiolite mélanges). Materials detached from the oceanic lithosphere, which are incorporated in an ophiolite mélange, record polyphase history of formation which includes a variety of sedimentary and tectonic processes during deposition in an accretionary wedge and subsequent tectonic incorporation through onset of thrusting and final emplacement onto a passive continental margin. The Mt Samoborska Gora ophiolite mélange closely exposes Middle Triassic non-orogenic alkali basalts and different tholeiitic extrusives, some of them showing uppermost Bathonian-Early Callovian age, which may facilitate the study of evolution of the oceanic domain where these ophiolites were formed from the initial stage of opening till the initiation of shortening of the oceanic domain.
Tectonomagmatic significance of tholeiitic basalts
The extrusive rocks archived in the Mt Samoborska Gora ophiolite mélange show geochemical signatures that reflect magmas derived from several parental mantle sources which are obviously related to the different tectonomagmatic settings (Pearce & Norry 1979; Pearce 1983) . Composite blocks of tholeiitic extrusives suggest that the high-Ti and medium-Ti magmatism may be temporally and spatially closely interrelated. Similar overlaping of contrasting magma types seems to be very common in Neotethyan ophiolites as exemplared by the Mirdita ophiolites in Albania (Bébien et al. 2000; Hoeck et al. 2002; Bortolotti et al. 2002; Dilek et al. 2007 ).
The high-Ti and medium-Ti basalts from the Mt Samoborska Gora ophiolite mélange show N-MORB-like REE patterns ( Fig. 7B1) and at the same time show HFSE negative anomalies (Fig. 7A1 ) which are unique characteristics of MORBs with arc signatures (Shervais 2001) . Surprisingly, although the LREE depletion in the medium-Ti basalts is more pronounced they display considerably higher relative depletion of Ta-Nb thus confronting MORB and SSZ signatures in one single geochemical group. In the diagram V-Ti/1000 all tholeiitic basalts from the Mt Samoborska Gora plot in the field of ocean ridge basalts (Fig. 6 ). However, they may plot between the fields of MORB and IAT extrusives forming a SSZ array similar to the recent back-arc basin basalts (Fig. 9A-C) . The Nd isotopic composition of the tholeiitic rocks from the Mt Samoborska Gora ophiolite mélange expressed in the term of ε Nd(T =165 Ma) shows vary small range from + 6.01 in the high-Ti basalts to + 6.35 in medium-Ti basalts and strongly suggests that medium-Ti basalts must have derived from a similar but slightly more depleted mantle source during the second stage of partial melting. Combined with initial 87 Sr/ 86 Sr ratios ranging from 0.703862 to 0.704001, respectively (Table 4) , the tholeiitic rocks better match BABB then N-MORB (Fig. 8) .
Clinopyroxene chemistry is frequently used to discriminate and characterize the tectonomagmatic setting of parental basalts (Beccaluva et al. 1980; Pearce & Wanming 1988; Pearce 2003) . Beccaluva et al. (1989) promote clinopyroxene composition as a robust discriminator for host basalts from different ophiolitic types. The composition of clinopyroxenes from the Mt Samoborska Gora ophiolite mélange clearly discriminate tholeiitic basalt host rocks in the fields of MORB and BABB (Fig. 4A-C) . Clinopyroxenes hosted in the medium-Ti samples plot at high-Ti corner of the MORB/BABB field ( Fig. 4A  and 4C ), although following the petrochemical parameters of this discriminatory concept, they should plot between the MORB/BABB and IAT fields. The clinopyroxene from our medium-Ti basalts exceptionally coexists with abundant spinel and minor Ti-magnetite. The significantly higher partition of Ti in clinopyroxene compared with coexisting spinel in a tholeiitic melt, cause clinopyroxene to become enriched in Ti and also in Fe (Figs. 3 and 4) , which is generally atypical for clinopyroxenes hosted in ophiolitic medium-Ti and low-Ti basalts (e.g. Bortolotti et al. 2002; Slovenec & Lugović 2009 ). Due to lower partition of Ti in spinel relative to Fe-Ti Nd-87 Sr/ 86 Sr isotope ratios diagram for selected high-, and medium-Ti tholeiitic rocks from the Mt Samoborska Gora (time: 165 Ma) and alkali extrusive rocks from the Mts Samoborska Gora and Medvednica (time: 235 Ma) ophiolite mé-lange showing the main oceanic mantle reservoirs of Zindler & Hart (1986) . Fields for the Mt Medvednica tholeiitic basalts (Slovenec & Lugović 2009 ) plotted for correlation constraints. DM -depleted mantle, BSE -bulk silicate Earth, EMI -enriched mantle, HIMU -mantle with high U/Pb ratio, PREMA -frequently observed PREvalent MAntle composition. The mantle array is defined by many oceanic basalts and a bulk Earth value for 87 Sr/ 86 Sr can be obtained from this trend. Data for back-arc basin basalts -BABB (shaded field) compiled from Wilson (1989) and references therein, Cousens et al. (1994) and references therein, Pearce et al. (1995) , Gribble et al. (1998) and Ewart et al. (1998) . Data for mid-ocean ridge basalts -MORB (solid line) compiled from Wilson (1989) and references therein and Cousens et al. (1994) , references therein and Peate et al. (1997) . Data for oceanic island arcs and active continental margins -IAB (broken line) compiled from Wilson (1989) and references therein, Cousens et al. (1994) and references therein, Pearce et al. (1995) and Peate et al. (1997). oxide(s), caution is recommended concerning liability of clinopyroxene in paragenesis with spinel as a tectonomagmatic discriminatory tool.
Coexistence of the high-Ti and medium-Ti basalts in the ophiolite mélange of the Mt Samoborska Gora suggests at least two stages of partial melting and magma generation: an older stage producing crust with N-MORB-like geochemical signatures at an ocean spreading ridge closely followed by the stage marked by formation of the younger crust which involves subduction related melt. The high-Ti group from the Mt Samoborska Gora ophiolite mélange derived from a mantle source and experienced low total partial melting ranging from < 5 to 10 % (Fig. 10A) , leaving residual fertile mantle peridotites closely resembling the composition of the lherzolites from the Mt Kalnik (Lugović et al. 2007 ) and from the entire CDOB (Lugović et al. 1991; Bazylev et al. 2009 ). This geochemical group is accepted as representing remnants of the crust formed at the ocean ridge at any time in the ocean's spreading history.
On the contrary, the Upper Bathonian-Lower Callovian high-Ti basalts, crystallized at around 165 Ma, that are associated with the medium-Ti basalts in the composite block, indicate terminal formation of high-Ti crust which may be related to subducting ridge and indicate incipient crust formation in the hanging wall or, in other words, in the upper plate. These composite blocks give strong evidence for the "stage of birth" from the geodynamic model of SSZ ophiolites proposed by Shervais (2001) . Stern (2004) thought that such association of extrusive rocks were formed by extensive magmatism in the extensional proto-arc-fore-arc basin that spreads over the still active subducting ridge. Extension in the proto-arc or infantarc basin lasts 5-10 Ma and is normally marked by almost simultaneous crystallization of high-Ti and medium-Ti to low-Ti basalts as a consequence of melt derivation from successively more depleted mantle which was progressively more metasomatized by expulsion of fluids from the subducting slab.
Since the high-Ti basalts from ocean spreading center and from proto-arc-fore-arc extensional basin were derived from essentially similar sources they are geochemically hardly distinguishable. Following the proposed geodynamic models, the medium-Ti basalts from Mt Samoborska Gora ophiolite mé-lange showing significantly higher HFSE depletion (Fig. 7A1) and Nd isotopic composition (Table 4) clearly resemble magmatism of the second stage partial melting from an already moderately depleted mantle source contaminated by an amount of subduction related components. Here, the second stage melting is somewhat atypical since it allows cotectic crystallization of clinopyroxene and spinel± Ti-magnetite instead of ordinary Fe-Ti oxide(s) as recorded in analogue rocks from ophiolite mélanges included in the nearby Kalnik Unit. This may suggest a different thermal regime governing incipi- Table 4 : Nd and Sr isotope data of tholeiitic and alkali volcanic rocks from the Mt Samoborska Gora and Mt Medvednica ophiolite mélange.
Location number corresponds to the locations in Fig. 1C for the samples from the Mt Samoborska Gora; MD = Mt Medvednica. Rock types: Th = tholeiitic, Alk = alkali, H-Ti = high-Ti, M-Ti = medium-Ti, PB = pillow basalt, MB = massive basalt. a Errors in brackets for Nd and Sr isotopic ratios are given at the 2σ-level. 147 ent crust formation in the upper plate of the oceanic segment represented by the Mt Samoborska Gora ophiolite mélange. The medium-Ti basalt derived from a metasomatized mantle region experienced 13-22 % total partial melting (Fig. 10A) . Transitional harzburgites, tectonically inserted into the Campanian-Maastrichtian rudist limestones near the village of Gornje Orešje in the Mt Medvednica (Lugović et al. 2007) , showing ~20 % partial melt extraction probably represent the (Pearce 1983) ; S -subduction zone enrichment, C -crustal contamination, W -within-plate enrichment. N-MORB, E-MORB and OIB are from Sun & McDonough (1989) . B -Th-Nb/16-Hf/3 diagram (Wood 1980) ; A -normal mid-ocean ridge basalts (N-MORB), B -enriched MORB (E-MORB) and within-plate tholeiites (WPT), C -alkaline within-plate basalts (AWPB), D -calc-alkali basalts (CAB), E -island-arc tholeiites (IAT); 1 -crustal contamination, 2 -SSZ ophiolites trend, 3 -MORB ophiolites trend. Data for back-arc basin basalts -BABB (shaded field) compiled from , Weaver et al. (1979) , Crawford & Keays (1987) , Jahn (1986) , Ikeda & Yuasa (1989) , Ewart et al. (1994) , Gribble et al. (1998) , Leat et al. (2000) , Münker (2000) . C -La/10-Nb/8-Y/15 diagram (after Cabanis & Lecolle 1989); 1A -calc-alkali basalts (CAB), 1B -area of overlap between 1A and 1C (CAB, IAT), 1C -island-arc tholeiites (IAT), 2A -within plate basalts (WPB), 2B -back-arc basin basalts (BABB), 3A -intercontinental rift alkali basalts (ICRAB), 3B -enriched mid-ocean ridge basalts (E-MORB), 3C -weakly enriched midocean ridge basalts (E-MORB), 3D -normal mid-ocean ridge basalts (N-MORB). D -DF 1 -DF 2 diagram (Agrawal et al. 2008 ; DF 1 = 0.5533log e (La/Th) + 0.2173log e (Sm/Th)-0.0969log e (Yb/Th) + 2.0454log e (Nb/Th)-5.6305; DF 2 = -2.4498log e (La/Th) + 4.8562log e (Sm/Th)-2.1240log e (Yb/Th)-0.1567log e (Nb/Th)+0.94). IAB-island-arc basalts, OIB-ocean-island basalts, CRB-continental rift basalts. most depleted residual mantle from which the medium-Ti basalts from Mt Samoborska Gora were derived.
Tectonomagmatic significance of alkali basalts
Alkali basalts are very commonly associated with tholeiitic rocks in many Mesozoic ophiolite mélanges and were mostly interpreted as remnants of intraoceanic islands (OIB) or sea-mounts (Saccani & Photiades 2005; Monjoie et al. 2008; Sayit & Göncüoglu 2009 ). However, alkali basalts from continental rifts (= CRB) closely preceding formation of early oceanic crust as a rule have a similar composition (e.g. Fitton 2007) which discriminates them as within-plate volcanic rocks (Fig. 9B) . We do not exclude either OIB or CRB origin of alkali basalt fragments incorporated in the Mts Samoborska Gora and Medvednica ophiolite mélanges.
Although alkali basalts from the Mts Samoborska Gora and Medvednica ophiolite mélanges in general share geochemical characteristics of OIB and CRB, they show slightly pronounced geochemical differences (Fig. 7A2, 7B2 ) suggesting a more enriched or less depleted source for the Mt Samoborska Gora alkali basalts (Figs. 6, 9A ). Low relative abundance of HREE in these alkali basalts suggests presence of garnet as a residual phase in both sources (e.g. Wilson 1989; Spath et al. 1996) .
Crustal contamination of alkali basalts increases the LILE or LREE/HFSE ratios, with higher intensity in CRB than in OIB. Uncontaminated CRB have La/Ta ratio < 22 (e.g. Fitton et al. 1988; Hart et al. 1989 ) and the ratio of the analysed alkali basalts is even lower (7.8-11.9) suggesting insignificant crustal contamination. Therefore the analysed alkali basalts represent uncontaminated melts and plot in the field of mantle array in the diagram Th/Yb-Ta/Yb wherein alkali basalts from the Mt Samoborska Gora also show a more primitive nature (Fig. 9A) . Many attempts based on geochemical parameters were done to discriminate between OIB and CRBs. Recent multielement ratios discriminate function analysis resolve CRB and OIB in two separate fields at 78% and 85% confidence level, respectively (Agrawal et al. 2008) . Alkali basalts from the Mts Samoborska Gora and Medvednica mélanges (Kostopoulos & James 1992) . Model parameters = spinel-lherzolite source (ol 57 -opx 25.5 -cpx 15 -sp 2.5 ), melting proportion = ol 1.21 -opx 8.06 -cpx 76.37 -sp 14.36 , distribution coefficients are from Kostopoulos & James (1992) . Fractional crystallization lines: initial magma = 10% melting of DM and PM mantle source, respectively, fractionated mineral assemblage = ol 30 -cpx 40 -pl 30 , distribution coefficients are from Chen et al. (1990) . Data for N-MORB, E-MORB are from Sun & McDonough (1989) . Fields for high-, medium-and low-Ti tholeiitic basalts from the Mt Medvednica ophiolite mélange (Slovenec & Lugović 2009 ) plotted for correlation constraints. B -mafic alkali volcanic rocks from the Mt Samoborska Gora and Mt Medvednica ophiolite mélange. Partial melting lines: moderately enriched mantle source (OIB-like) (La =1.5 ppm, Yb = 0.5 ppm). Model parameters = garnet-lherzolite source (ol 60.1 -opx 18.9 -cpx 13.7 -gt 7.3 ), melting proportion = ol 1.3 -opx 8.7 -cpx 36 -gt 54 , distribution coefficients are from Kostopoulos & James (1992) . Fractional crystallization lines: initial magma = 4% and 6% melting of the moderately enriched mantle source, fractionated mineral assemblage = ol 30 -cpx 40 -pl 30 , distribution coefficients are from Chen et al. (1990). show overall geochemical signatures comparable with CRB (Fig. 9D) . Thus, the alkali basalts are interpreted as the preophiolitic continental rift basin volcanic rocks, rather than as the remnants of intraoceanic islands or seamounts.
Continental intraplate alkali basalts were interpreted as volcanic products of partial melting of the upper mantle related to lithospheric extension causing upwelling of the asthenosphere (Perry et al. 1990; Kent et al. 1992) . Alternatively, alkali basalts may erupt when the mantle plume impinges on the base of the continental lithosphere causing partial melting and initial rifting (Morgan 1981; McKenzie & Bickle 1988) . The analysed alkali basalts reflect melt derived from an OIB-type enriched mantle source (Fig. 9A) , which experienced ~8% total partial melting for the Mt Medvednica and 5-7% for the Mt Samoborska Gora (Fig. 10B) . Assuming that both groups of the alkali basalts were derived from the same or similar parental asthenospheric material, which resembles Nd-Sr isotopic signatures of the bulk Earth at the time of crystallization (Fig. 8) , then the alkali basalts from the Mt Samoborska Gora with more primitive geochemical significance, particularly lower ε Nd(T= 235 Ma) (+1.58 vs. + 2.54; Table 4 ) represents melts of an older stage of partial melting. If this assesment is correct, Illyrian-Fassanian age is promoted as the age of initial Neotethyan opening in the ROD.
Geodynamic evolution of the Mt Samoborska Gora ophiolites in the context of the Repno oceanic domain
The ophiolite mélange of the Mt Samoborska Gora is tectonically emplaced directly on the Adria amagmatic continental margin and represents the southwesternmost detached leading edge of a larger ophiolite mélange unit, most likely of the Kalnik Unit (Haas et al. 2000) from the Zagorje-MidTransdanubian Zone (Fig. 1A,B) . The tectonomagmatic history of the Kalnik Unit has been in part successfully inferred from the remnants of the oceanic upper crustal rocks archived in the Mt Medvednica ophiolite mélange (Slovenec & Lugović 2008 thought to have been generated in a discrete Neotethyan oceanic domain referred to as the Repno oceanic domain (ROD) (Babić et al 2002; Slovenec & Lugović 2008) . The ROD should be included in easternmost segment of the Tethys (Bortolotti & Principi 2005) . Some authors regard the ROD as a domain of Dinaric provenance (e.g. Pamić 1997; Haas & Kovács 2001) whilst others relate it to the Meliata-Maliac ocean system (e.g. Goričan et al. 2005; Slovenec & Lugović 2008) . These basins opened as back-arc basins in response to the delayed subduction of the Paleotethyan lithosphere beneath the European continental margin (Stampfli & Borel 2002 , 2004 .
The geochemical affinities and age of crystallization of analogous ophiolitic rocks from the Mt Samoborska Gora ophiolite mélange and the Mt Medvednica segment of the Kalnik Unit were used for correlation of these two ophiolitic segments. Normalized multi-element concentration (Fig. 11A) , normalized REE concentrations (Fig. 11B ) and Nd and Sr isotopic signatures (Fig. 8) of the analogue high-Ti N-MORBlike extrusives from both ophiolitic segments, assumed to represent the oceanic crust formed at a spreading or subducting ridge, show identical patterns suggesting a similar mantle source. The high-Ti basalts from the composite blocks in Mts Samoborska Gora and Medvednica ophiolite mélanges, which indicate incipient crust formation in a converging upper plate, show identical K-Ar ages of 165.4±5.8 Ma and 165.1± 3.3 Ma, respectively. The medium-Ti extrusives which represent relatively younger incipient crust for Mt Samoborska Gora show more pronounced subduction signatures (Fig. 11A) and different crystallization regime as revealed by paragenesis of clinopyroxene and spinel (Figs. 3 and 4A,C) , and reveal a higher intensity of partial melting (Fig. 10A) . However, inspite of this, the Mt Samoborska Gora lacks the fragments of typical IAT-like lithologies (low-Ti basalts) that are related to the early stage of true subduction sensu Stern (2004) . This may suggest that the Mt Samoborska Gora ophiolites represent a discrete segment at the stage of incipient intraoceanic convergence. The overlapping of geochemical signatures and age of crystallization of analogue rocks from these two ophiolite mélange sectors allow them to be integrated into a single ophiolite mélange unit, namely the Kalnik Unit. This finding will serve to improve the geodynamic evolution of the ROD that was already proposed by Slovenec & Lugović (2009) . In this respect, the newly discovered alkali basalts play a key role for initiation of the ROD.
(1) Incipient opening of the ROD most likely started in the Early Ladinian, namely in the Fassanian, soon after the eruption of the alkali basalt during the Illyrian-Fassanian (Fig. 12A ). This stage is documented by the close association of alkali basalts with Middle Triassic cherts in the Mt Samoborska Gora and interpillow Illyrian-Fassanian pelagic limestones in the Mt Medvednica, and also by the absence of any crustal contamination of the alkali lavas, suggesting their effusion in a highly evolved intracontinental rift basin. These statements are also confirmed by similar geochemical patterns with intracontinental alkali basalts from East African rift zone (Fig. 7A2, 7B2) .
(2) The onset of oceanic crust formation at ensialic BAB spreading centre in the ROD continued through the Carnian (Fig. 12B) as documented by radiolarians cherts above the pillow lavas (Halamić & Goričan 1995; Goričan et al. 2005) . The fragments of the early oceanic crust of the ROD were not encountered elsewhere in the Kalnik Unit. The oceanic crust formation recorded in Eastern Mediterranean ophiolites, such as Sun & McDonough (1989) , and Chondrite normalization values are from Taylor & McLennan (1985) .
the Albanide-Hellenide ophiolite mélanges, commenced by E-MORB (Saccani & Photiades 2005) . The absence of E-MORB extrusives in the Mts Samoborska Gora and Medvednica ophiolite mélanges may indicate initially fast-spreading ridge segment of the ROD wherein interaction between the uprising asthenosphere and OIB-type enriched mantle source was suppressed to produce E-MORBs. Continuation of sea floor spreading during the Jurassic (Pliensbachian and Bajocian) produced N-MORB-like crust (Pamić 1997) (Babić et al. 2002) . Initial convergence led to formation of an extensional proto-arc basin in the leading edge of the oceanic lithophere overriding the still active oceanic ridge (Fig. 12C ). This stage of partial melting generated N-MORB-like magmatism, similar to the spreading-ridge stage, and almost simultaneous medium-Ti magmatism in both Mts Samoborska Gora and Medvednica. Subsequent IAT magmas that reflect transition from incipient to true SSZ magmatism in the fore-arc basin are located only in the Mt Medvednica (Slovenec & Lugović 2009 ). It is most likely that the Mt Samoborska Gora ophiolite mélange represents a discrete segment of the ROD which records the shortest subduction related evolution. The oceanic crust fragments in the Kalnik Unit do not provide any evidence of formation of island arc in the ROD.
(4) The age and processes that led to the closure of the ROD are unclear and may be inferred only from the relevant metamorphic rocks assumed to represent the ancient ROD crust. The lower geenschist facies metamorphic complex of the Mt Medvednica formed by obduction of an island arc succession onto the Adria continental margin (Lugović et al. 2006 ) dated to 124-114 Ma ago (Belak et al. 1995 ) and a metamorphic sole from the Mt Kalnik which has a BABBtype crust protoliths (Ignjatić 2007) , dated to 126-110 Ma, suggest that the final closure most likely took place in Barremian-Aptian (Fig. 12D ).
Conclusions
Our findings provide evidence that the Mt Samoborska Gora ophiolite mélange is the headmost edge of the Kalnik Unit which is obducted onto the Adria passive margin. It represents a discrete sector of the ROD which records a complexity of tectonomagmatic and sedimentary processes from the terminal intracontinental rifting in the Middle-Triassic (Illyrian-Fassanian) through various stages of back-arc spreading until the intraoceanic convergence in the Middle Jurassic (uppermost Bathonian-Early Callovian). From the incorporated clasts the stage(s) of spreading cannot be inferred properly in details. Intraocenic convergence led to formation of the crust in the upper plate by magmatism in an extensional proto-arc-fore-arc basin that was spreading over an active subducting ridge. This oceanic sector records the shortest duration of the convergence related evolution in the ROD which may have been suppressed before the true subduction commenced. The incorporated fragments were introduced into the mélange mostly by tectonically induced sedimentary processes in the accretionary wedge in the front of the proto-arc-fore-arc region, whilst older rocks, recognized by alkali basalts and Triassic limestones, repeatedly referred to as "exotic" in ophiolite mélanges, actually represent tectonic inclusions integrated in the trailing edge of the mélange in the latest phase of obduction.
